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2 Although the authors have given some attention to aortic flow disorder occurring physiologically and under the effects of cardiac stimulants while our interest has been focused on disorder created by subtotal vascular stenoses, there are certain similarities in our findings which reinforce the conclusions drawn in the paper "Measurements of Velocity Wave Forms in the Dog Aorta."
1 With regard to the rapid decay of turbulence predicted by Kiser, et al., we find that flow disorder created during the period immediately following peak systolic velocity for a very mild stenosis (20 percent reduction in crosssectional area in the descending thoracic canine aorta) is not maintained until the next heartbeat. This is determined by examining the energy spectrum during this "deceleration" phase and comparing it with that of the "acceleration" phase, i.e., the portion of the velocity waveform corresponding to increasing systolic velocity, with and without the occlusion present (Fig. 6 of footnote 3). However, as the stenosis, and hence the distal flow disturbance, becomes more severe, the disorder created in one heartbeat has not completely decayed by the time the next beat occurs. Footnote 3 describes the methods employed for our experiment and data analysis of the time history of flow disturbances.
A second point of similarity relates to the observation of periodicity in the disturbances observed in some of their experiments. Although those authors did not describe their method of detecting this, one very interesting technique is to form a time ensemble average waveform. In the poststenotic flows we have studied there is a clean periodicity in the apparently random velocity waveforms (Fig. 2 of footnote 3) .
Finally, we suggest that, in addition to the total waveform energy spectrum method employed by Kiser, et al., it is very beneficial to examine the time history of events in the data analysis.
way to handle the development of unsteady flow in a tube. I propose an alternative method in which the flow at a particular point and time is either approximately quasi-steady or approximately diffusive according to whether the influence of the entrance has been felt at that point and time during the pulse. I conclude that, in a representative canine aorta, the oscillatory components of flow are effectively fully developed only 4 or 5cm from the entrance. The mean flow, decoupled from the oscillatory components, develops slowly, as if it were steady. From the point of view of wall shear stress, the oscillatory components are likely to be at least as important as the mean.
( . The frequency spectrum of these random elements is continuous, has no obvious spikes, and is concentrated at the higher frequencies, which are the ones associated with random small-scale eddies. These eddies, when they are present, certainly decay by the end of diastole, but are none the less turbulent for that. It is unlikely that the spectrum will be the same as in steady pipe flow, except at the highest frequencies. Note too that disturbances generated in the boundary layers would be felt immediately in the core, since the pressure fluctuations are propagated at the speed of sound (not a diffusive process-see p. 298).
T. J. PEDLEY. 4 There are three points which I would like to raise with the authors.
(i) Entrance flow (p. 298).
In a recent paper [1] I argue that linearization of the equations of motion is an inappropriate analysis and data for relating the observed dynamic characteristics of the velocity waves to the system parameters of the aorta. Velocity field in the aorta is strongly influenced by both the local elastic and geometrical characteristics of the artery as well as the vascular bed loads. Hence for future studies of this subject it is necessary for one to obtain as complete as possible the system parameters.
Authors' Closure
The authors' wish to thank Professors Giddens, Ling, and Pedley for their discussion. The similarities in certain results reported simultaneously by Giddens, et al., were certainly pleasing to see; however, it should be noted that the present studies were confined to dogs which were free of circulatory disorders and, furthermore, none were induced artificially. It is expected that disorders created by major stenoses would tend to increase turbulence. This, coupled with a decrease in the diastolic period, could produce a turbulence which does not decay during one cardiac period. The experiments described by Giddens, et al., seem to confirm this.
The periodicity in the disturbances in the studies reported were detected by waveform analysis on the digital computer; to a certain extent these can be inferred upon examination of Table 2 . Ensemble analysis techniques, which were not used in our studies, should be superior for this purpose.
Professor Ling rightly points out that the velocity measurements cannot easily be interpreted without a knowledge of the physiological parameters. However, these parameters are not easily determined in living animals. Neither the work by 
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partial explanation of the unorthodox drift velocity values.
As noted by Martin, developed flow distribution parameter values have been associated with the maximum/average velocity ratio. As long as voids are confined to the flatter region of the velocity profile, this association is necessary. Furthermore, under such circumstances, the distribution parameter can be generalised and used for the prediction of other two-phase quantities (momentum flux, choked flow, etc.) [22] 3 . The situation becomes less predictable if, as is the case with the downflow experiments described, voids concentrate in the steeper region of the velocity profile.
The lower degree of development observed with downflow slug behaviour may not be confined to slug flow. Difficulty was reported in maintaining slug flow with certain conditions. Similar non-development of downward bubble flow near the bubble/slug flow boundary might be expected. It is significant that recently reported air-water downward bubble flow data [23] were correlated by a distribution parameter which, like the present values (but unlike other downflow bubble data), was significantly less than the developed flow value. Furthermore, the bubble data of [23] are very close to the slug flow equation obtained by interpolating between parameter values reported by Martin to allow for diameter effects.
Similarly, a comparison of the reference [24] steam-water void data for slug and non-slug up and down flow indicates that, as observed by Martin, significant changes occur in the drift velocity behaviour with changed oi-ientation.
Since equations of the form of Martin's equation (1) are used for predictive purposes, it is appropriate to note that the experimental technique employed is such that Vb does not have the widely used interpretation <ji>/<a>.
The two interpretations would be significantly different only where nonslug bubbles contribute significantly to the voidage, as shown in Martin's Table 2 , corresponding to Fig. 10(/) , for instance, implies a nonzero local <ji>, and so the zero <j> implies <ji > = -<ji > in the region of interest, even though both velocities are zero away from the bubble.
Nevertheless, his data do provide a useful basis from which downward slug flow behaviour can be reasonably estimated, even though he has not generalized his results into recommended equations. He has helped to remove present gaps in knowledge of two-phase slug flow.
